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This study provides a detailed description of the environmental education of elementary school students
in Da Nang city, Vietnam. In January 2014, the study surveyed 247 students in two elementary schools.
An evaluation of the students' knowledge of solid waste management was conducted. Students had basic
knowledge about the environment, but their knowledge was limited with regard to solid waste man-
agement. In February 2015, an environmental education workshop was conducted for the students. The
result showed that 96% of the students were interested in solid waste management activities. In addition,
the study found that there were changes in the students' knowledge before and after environmental
education activities. Before the activity 29% of the students said that they knew about eco-bags, and 55%
of the students said that they knew “that plastic bags are difﬁcult to decompose naturally.” After envi-
ronmental education 87% of the students answered that they knew about eco-bags, and 71% of the
students said that they knew “that plastic bags are difﬁcult to decompose naturally.” Given these results,
this study was successful in increasing students' knowledge about solid waste management.
© 2016 Chinese Institute of Environmental Engineering, Taiwan. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).1. Introduction
According to a World Bank report written by Hoornweg and
Bhada-Tata [1], it is estimated that the world generates around 1.3
billion tons of waste per year. With increasing urbanization, it is
expected to reach 2.2 billion tons per year by 2025 e an increase of
70%. As a key component in municipal solid waste (MSW) man-
agement, the landﬁll is important especially in upper- and lower-
middle-income countries. Countries have been grouped according
to their Gross National Income (GNI) as high (GNI > US$12,615),
upper-middle (US$4086 < GNI < US$12,615), lower-middle
(US$1036 < GNI < US$4085), and low (GNI < US$1035) incomes.
GNI per capita is estimated using the World Bank Atlas method [2].
Sanitary landﬁlling is one of the best ways to decrease the volume
of waste products [3]; nevertheless, the lack of suitable land for
landﬁll sites is a major issue [4]. Therefore, to extend the life of aInstitute of Environmental
l Engineering, Taiwan. Production
d/4.0/).landﬁll site, waste reduction at the source is a critical aspect of
MSWmanagement. In this paper, upper- and lower-middle-income
countries will be referred to as middle-income countries. Poor
waste management practices are a common and growing problem
facing middle-income countries. Middle-income countries such as
Vietnam have experienced great challenges in solid waste man-
agement, not only in the collection, transfer, and ﬁnal disposal of
waste, but also a lack of public awareness of the solid waste system,
haphazard urbanization, the introduction of environmentally un-
friendly materials, and changing consumption patterns. With a
total area of 331,210 km2, Vietnam is one of the most densely
populated countries in Southeast Asia. In July 2015, the population
was estimated to be approximately 94 million. Vietnam demon-
strates the fourth highest population growth rate in Southeast Asia,
at 0.97%, after Singapore (1.89%), Malaysia (1.44%), and the
Philippines (1.61%) and followed by Indonesia, at 0.92% [5].
Approximately 33.6% of the country's residents live in cities with
annual urbanization rates of 2.95% [6]. Therefore, solid waste is a
growing problem especially given that urban populations are
continually increasing. The country is producing more than 15
million tons of waste each year and this volume is expected to growand hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
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is 0.63 kg cap1 d1 [7]. That is not as high as other countries in
Southeast Asia such as Malaysia, at 0.98 kg cap1 d1, or Singapore,
at 0.94 kg cap1 d1 [7]. It is estimated that the average urban
resident in Vietnam produces about twice the amount produced by
people in rural areas. Urban areas account for more than 80% of
MSW (12.8 Mt yr1). Solid waste in urban areas is composedmainly
of food waste, paper, plastic, wood, metal, and glass, with some
hazardous household wastes such as ﬂuorescent lights and batte-
ries [8]. Currently there is no effective publicly organized recycling
in Vietnam, as no ofﬁcial waste separation and recycling systems
exist in the country except for some pilot projects. In its large cities
Vietnam has one of the best organized garbage collection and
dumping systems among the lower-middle income countries in
Southeast Asia. The problem in Vietnam is the lack of an ofﬁcial
separation and recycling policy. Implementation of such a policy
requires participation by every citizen. Therefore, education in solid
waste management is important. The government has been trying
to implement a waste separation and recycling policy throughout
the country (June 1998, Decision No. 36-CT/TW), but has not yet
succeeded, mainly due to a lack of funding and human resources in
the public sector [9].
Vietnam has experienced increased levels of environmental
pollution, in line with rapid socioeconomic development and ur-
banization in recent years despite the Law on Environmental Pro-
tection, whichwas established in January 1994. Amendments to the
law known as “Vietnam Agenda 21,” with aim at sustainable
development, weremade by the PrimeMinister on August 17, 2004.
The amendments were passed into law in July 2006. Within the
“Vietnam Agenda 21” of the environmental protection policy, the
“3Rs initiative” of reduce-reuse-recycle has been introduced as an
important method that should be monitored, adopted, and pro-
moted by the government. Table 1 contains a summary of the
environmental policy, law, and agendas in Vietnam.Table 1
Environmental legislation regarding solid waste management in Vietnam.
Date Name Details
April 9, 2007 Decree No. 59/2007/NÐ-CP The Government'
rights and duties
August 9, 2006 Decree No. 81/2006/NÐ-CP The Government'
the ﬁeld of prote
August 9, 2006 Decree No. 80/2006/NÐ-CP The Government'
November 29, 2005 Law on Environmental protection Took effect July 1
August 17, 2004 Decision No. 153/2004/QÐ-TTg The Prime Minist
December 2, 2003 Decision No. 256/2003/QÐ-TTg The Prime Minist
the year 2010 an
April 22, 2003 Decision No. 64/2003/QÐ-TTg The Prime Minist
environmental po
June 25, 1998 Decision No. 36-CT/TW The Central Comm
environmental pr
December 27, 1993 Decision No. 29-L/CTN The Prime Minist
Legislation on recycling
April 2, 2004 Decision No. 03/2004/QÐ-BTNMT The Ministry of N
domestic product
May 6, 2002 Ofﬁcial Letter No. 1146/BKHCNMT-MTg The Ministry of S
Cleaner Productio
Standards
TCXDVN 320-2004 Standard for desi
TCVN 7241-2003 Standard for dete
TCXDVN 261-2001 Standard for desi
TCVN 6707-2000 Standard for prev
TCVN 6706-2000 Classiﬁcation of h
TCVN 6705-2000 Classiﬁcation of n
TCVN 6696-2000 Requirements for
Compiled from Ref. [10].Da Nang city is one of the major port cities in Vietnam, in
addition to Ho Chi Minh City and Haiphong city, and the largest city
on the south central coast of Vietnam. The administrative area of
the city is composed of six districts and two suburban districts, one
of which is an island suburb with an area of 305 km2. The total area
of Da Nang city is 1285 km2. The population in the city is 951,680
with a large part traveling in from other municipalities to work.
From 2002 to 2011, the population in Da Nang city increased
approximately 1.3 times [11].
The Da Nang city People's Committee committed to and
promulgated a comprehensive environmental plan for Da Nang
City in August 2008 called “Building Da Nang City as An Environ-
mental City (No. 41/2008/QD-UBND)”. It sets a 2020 target formany
different environmental issues such as air pollution reduction,
waste treatment and recycling, energy conservation, and renewable
energy. The plan is based on Agenda 21 of the Vietnamese gov-
ernment (Prime Minister's Decision No. 153/2004) and Vietnamese
Environmental Standards 2, where 2020 is set as the target year.
The general goals for the Environmental City Plan are to: (1) Pro-
vide a safe and healthy environment for people, assuring land,
water, and air quality; (2) Prevent environmental pollution and
degradation; and (3) Make the people of Da Nang city aware of
environmental protection and Da Nang's development as an envi-
ronmental city [11].
According to the Da Nang city Urban Environmental Company,
the waste management company disposed at Khanh Son Landﬁll
700 to 750 t d1 on average of MSW collected from Da Nang city,
representing a collection ratio of 90% in 2012 [12]. From the in-
formation provided by the Japan International Cooperation Agency
in Vietnam featured in the report by the Vietnam Ministry of Nat-
ural Resources and Environment, MSW in Da Nang city was
composed of 68.5% food waste, 5.1% paper, 2.9% cloth, 2.8% wood,
11.4% plastic, 0.1% glass, 1.5% metal, < 0.1% hazardous waste, and
3.2% other waste [12]. With its designed capacity, the Khanh Sons promulgation of the regulation on solid waste management activities, and the
of persons related to solid waste management
s promulgation of the regulation of sanctions against administrative violation in
ction of the environment (replaces decree No. 121/2004/NÐ-CP)
s detailing of the implementation of the law on environmental protection
, 2006 (replaced the Environmental protection law 1993)
er's decision on the provision of sustainable development in Vietnam
er's decision on approving the national strategy on environmental protection up to
d vision to the year 2020
er's approval of the plan for managing establishments causing serious
llution
ittee of the Communist Party of Vietnam's steering of further promotion of
otection
er's provision of the law to protect the environment
atural Resources and Environment's decision on importing waste as materials for
ion
cience, Technology, and Environment's approval of the National Action Plan for
n
gning hazardous waste landﬁlls
rmining dust concentration in ﬂue gas in health care solid waste incinerators
gning landﬁlls.
ention and warning signs for hazardous waste
azardous solid waste
on-hazardous solid waste
environmental protection for sanitary landﬁlls
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need for reduction, reuse, and recycling measures for MSW.
Recently, there are some projects in Da Nang city for sustainable
solid waste management, such as the Eco-city project at Cam Le
district, and the composting of agricultural waste at the Hoa Vang
suburban prefecture [12]. In addition, there is a traditional food
waste collection system where farmers collect and use food waste
to feed pigs [13e15].
In Southeast Asia, solid waste is one of the most hotly debated
environmental issues. Education in solid waste management is
becoming an important tool in Southeast Asia to solve the envi-
ronmental pollution problem [7]. MSW education projects have
started in Southeast Asian countries as shown in Table 2. ExamplesTable 2
Solid waste management education projects in Southeast Asia.
Country Social and environmental status
and issuesa,b
Project stakeholders
Vietnam:
Pilot project at Ha Noi
[16]
GDP growth rate (%/year): 6.1%
(2015)
Urbanization: 30.4% (2010)
Rate of consumption
Law and enforcement
Budgets
Public objections
Efforts for large-area policy
discussion
Financial
University students
Local residents
Elementary students
Indonesia:
Pilot project at Jakarta
city, Semarang,
Surabaya, Bandung
[17]
GDP growth rate (%/year): 5.5%
(2015)
Urbanization: 44.3% (2010)
Rate of consumption
Law and enforcement
Budgets
Public objections
Efforts for large-area policy
discussion
Financial
Communities
Thailand:
Pilot project at
Sakonnakorn
province, Bangkok
[18]
GDP growth rate (%/year): 3.6%
(2015)
Urbanization: 34.0% (2012)
Rate of consumption
Law and enforcement
Budgets
Public objections
Students
Communities
The Philippines:
Pilot project at the
University of the
Philippines
[19]
GDP growth rate (%/year): 6.4%
(2015)
Urbanization: 48.9% (2010)
Rate of consumption
Law and enforcement
Budgets
Public objections
Landﬁll problems
Solid waste management
problem
Children of all ages
Teenagers
Household help
Parents
The elderly
Malaysia:
Pilot project of a
university in
Malaysia
[20]
GDP growth rate (%/year): 4.7%
(2015)
Urbanization: 72.2% (2010)
Rate of consumption
Law and enforcement
Budgets
Public objections
Landﬁll problems
Ofﬁce staffs
Students
Lecturers
Hostel operators
Canteen operators
Building custodians
Outdoor cleaning and
landscape workers
Security guards
a GDP growth rate due to [21].
b Proportion of urban population due to [22].include the 3R project in Ha Noi, Vietnam [16], community-based
waste management in Surabaya, Indonesia [17], and the school
waste bank in Thailand [23]. There is a growing need for MSW
education for children in middle-income countries in Southeast
Asia. However, the implementation of MSW education for young
children is limited in most countries in this region. In particular,
education in solid waste treatment is rarely done in elementary
schools in Vietnam.
In developed countries, long-term environmental education is
considered to be an effective method for increasing environmental
awareness among children. Such programs include early childhood
care and education at New Brunswick, Canada [24], working to-
wards sustainable schools in Gothenburg, Sweden [25], andProject instruments Project targets
Source separation in model
areas
Recycling of organic waste into
compost
PR and environmental
education activities
Developing a strategy and
action plan.
To let residents become familiar with a
3R system based on a source separation
program of organic waste
To let residents in model project areas
think more about the beneﬁts of using
eco-bags
Education activities for citizens
Questionnaires
Efforts for large-area policy
discussion
To improve the garbage disposal system
in Central Jakarta
To reduce waste
To extend landﬁll life
To increase waste collection
To reduce emission of greenhouse gases
Questionnaires
Reduction and recycling
activity
Training programs and practical
guidelines
Provision of clear procedures
and guidelines
Regular town hall meetings
between citizens and local
government ofﬁcials
Waste reduction
Cost savings for management
Extending landﬁll life
Supply-side management
Questionnaires
Seminar tests
Attitude scales
Interview guides
Developing the knowledge, skills, and
attitudes of the members of the
community towards proper handling of
waste
Two-hour training of solid
waste management on the
university campus
Zero Waste Club: Participation
in collection and recycling in
campaigns and activities
associated with zero-waste
activities
Position for providing strong
leadership and examples for the
development of sustainable
communities, by conducting
programs for future leaders
Reducing waste production
Increasing and maintaining
participation in recycling and
composting schemes within the
university
Raising and maintaining awareness of
waste issues
Promoting the waste hierarchy: reduce,
reuse, recycle
Providing a diverse range of ways to
increase education and awareness
Consistent publicity
Linking in with regional and national
campaigns
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However, building long-term environmental education programs
always requires time, along with an associated budget. In middle-
income countries with limitations in resources, budget, school fa-
cilities, and teaching staff, long-term environmental education is
not presently suitable. Short-term education that requires minimal
resources is a realistic solution for dealing with environmental
problems in middle-income countries. Vietnam does not have a
regular program to teach students about MSW management, apart
from pilot projects in some large cities, such as the 3Rs project in Ha
Noi city. This project had some environmental education classes for
university students who were interested in environmental pro-
tection. This project had been in effect for three years from 2006 to
2009 in four districts in Ha Noi that were selected to conduct a pilot
project on source separation of organic waste and production of
organic fertilizer. They were Ba Dinh, Hoan Kiem, Hai Ba Trung, and
Dong Da District. As a pilot project with source separation of
organic waste in the selected model districts, a new waste collec-
tion system suitable for collecting source-separated waste was
introduced instead of a traditional one. Under the new collection
system, citizens had to dispose of organic waste in a green-colored
bin and inorganic waste in an orange-colored bin, from 6 to 8 pm at
designated sites. The project has succeeded by involving a variety of
stakeholders in the process of implementing source separation,
composting, environmental education, and raising the awareness
of citizens [27]. However, the 3Rs project in Ha Noi is not always an
appropriate model for other cities in Vietnam. For example, Da
Nang city does not have a composting plant like the plant that
played a central role in the Ha Noi 3Rs project.
This study aims to evaluate the effects of environmental edu-
cation at elementary schools in Da Nang city that provides
knowledge of solid waste management problems due to improper
treatment of waste, as well as the beneﬁts of recycling. The objec-
tives of this study are to evaluate the present status of environment
knowledge includingMSWmanagement among elementary school
students and to conduct short-term MSW management education
for ﬁfth-grade students as well as evaluating its effects among the
students.
2. Methodology
Our survey and experimental environmental education were
done in three elementary schools in two districts of Da Nang City.
Ong Ich Khiem School (school 1) and Le Dinh Ly School (school 3)
were chosen from the Hai Chau District (HC), and Dung Si Thanh
Khe school (school 2) was chosen from the Thanh Khe District (TK).
These schools were chosen through the following procedure. First,
we excluded the schools where the highest or lowest level of ed-
ucation was done in the area. Second, we randomly chose ﬁve
schools in the HC and TK districts. Third, one of the authors visited
ﬁve schools and asked for the school principal to participate in our
survey. Two schools joined our survey, but the other three schools
refused to join because of security concerns. School 3 was sug-
gested by the leader of school 1, and we used the students of school
3 as the control group for our experimental environmental edu-
cation. Fig. 1 shows the locations of these schools. HC is well known
as the important district in Da Nang city. The city hall, main theater,
and main market are located in this district. TK is farther than HC
from the center and has the second largest population among the
districts in Da Nang city.
From the start, the study aimed to understand the present state
of students' knowledge and behavior with respect to the environ-
ment. Hence, the questionnaires were developed from Vietnamese
elementary textbooks. Vietnamese elementary schools use the
same textbooks throughout the country from 1st through 5thgrades. First, the study extracted the keywords that were related to
environmental issues from the three textbooks of science, tech-
nology, and ethics used by 4 and 5th graders. Table 3 provides
summaries of Vietnam elementary textbooks. Second, the study
sorted the keywords from the three textbooks into six environ-
mental issues: waste separation, food waste, environmental
knowledge (soil, water, air, and forests), electricity and water sup-
ply, climate change, and disaster and other questions focusing on
environmental education. We found that the elementary textbooks
did not contain any information about solid waste management
like waste separation and food waste. Thus, we added these ele-
ments. Third, the questionnaires were formatted to acquire stu-
dents' knowledge in these six areas.
This study focused on solid waste management education,
especially food waste. Our surveys contained questions about the
eco-bag, plastic bags, the food waste collection system, and the food
waste treatment system that was contained in survey 2. According
to the VietnamMinistry of Natural Resources and Environment, eco-
bags are bags that can replace plastic bags and are safe for the
environment, such as paper bags and cloth bags [8]. The eco-bag is
used by all of the big supermarkets in Da Nang city. Food waste
recycling for feeding pigs is commonly practiced in the city [13e15].
The waste separation and food waste questions were addressed in
survey 3 and followed the students' daily life activities.
This study provided four questionnaire surveys to the students of
the elementary schools indicated in Fig. 2. The students were
separated into two groups. Group 1 was the main body of the
research. We recruited four classes of 4th grade students at both
school 1 and 2, and we followed these students for one year. In
Vietnam, elementary schools end at the 5th grade. During this
period, we conducted four surveys and one environmental educa-
tion activity with these students. Group 2 involved students from
school 3; these students took our last survey only for the purpose of
comparison. The students had answered the questionnaires in their
classrooms. One of the authors came to the school and together with
the class teacher gave questionnaire surveys to the students. The
second author was present in the 5th graders' classes 1 and 3
(hereafter classes 5.1 and 5.3) at school 1 in survey 3. Normally,
students had 15 min at break time to answer the questionnaire
surveys. Teachers expanded this time by another 15 min if the stu-
dents had not ﬁnished after 15min. The students had amaximum of
30 min to answer the questionnaire surveys in their classrooms.
The study considered Piaget's theory [28] and chose the 4 and
5th grade elementary students as our subjects for this study. Pia-
get's theory [28] can help educators understand how children react
and learn according to their age. In Piaget's research, the main goal
was to answer the question, “How does knowledge grow?” He did
this using genetic epistemology, which is the study of cognitive
development in children. There are four major stages in a child's
cognitive development: sensorimotor, preoperations, concrete op-
erations, and formal operations [29]. A child's thought process at
one stage is different from other developmental stages, and each of
the stages has its own importance. With concrete operations (ages
7e11), as physical experience accumulates, the child starts to
conceptualize, creating logical structures that explain his or her
physical experiences. Abstract problem solving is also possible at
this stage. We think that 4th or 5th grade is a good age to start
environmental education.
Our experimental education and questionnaire surveys were
conducted immediately after the ﬁnal examination of each se-
mester for the 4th and 5th grade students. The ﬁnal examinations
are scheduled in late January and early May. It was difﬁcult for the
schools to provide time for our activity during the regular lecture
periods. We expected that the students could focus on answering
our survey if it was done after the ﬁnal examination rather than
Fig. 1. Locations of surveyed schools.
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were relevant to environmental issues. In particular, the school-
teachers held lectures on water pollution, air pollution, typhoon
protection, and environmental protection for a total of nine hours
during the ﬁrst semester for 4th graders.
2.1. Survey 1 from January 22 to February 4, 2014
The aims of this survey were to understand the status of envi-
ronmental knowledge among group 1 students. To achieve this,
survey 1 involved a total of 372 students from the 4th grade. Stu-
dents answered 32 questions from the questionnaire.
2.2. Survey 2 from May 19 to May 30, 2014
The second survey evaluated the knowledge and skills of stu-
dents in solid waste management. This questionnaire survey 2
measured the baseline knowledge level of the group 1 students.
2.3. Survey 3 from March 2 to March 18, 2015
Our short-term environmental education activity in March
2015 provided opportunities for the group 1 students to (1) join a
waste separation game, (2) learn basic concepts of solid wastemanagement and the present status of voluntary food residue
recycling in Da Nang city, and (3) answer questionnaire survey 3 to
assess the impact of the environmental education.
Fig. 3 shows the poster used in our environmental education
activity. This poster contains basic information about organic and
inorganic waste, as well as recyclable or reusable waste. We
referred to the separation categories shown in a guidebook for the
3Rs project in Ha Noi city [30] and slightly modiﬁed the categories
to meet the needs of using food waste to feed pigs.
- Organic waste is waste composed of easily biodegradable
compounds (decomposition under natural conditions). Simply,
organic waste is derived from organisms (plant and animal).
- Inorganic waste consists of two kinds of waste, (1) inorganic
waste and (2) recyclable or reusable waste.
(1) Inorganic waste includes glass, porcelain, old clothes, coal,
tissue waste, plastic bags, toys, and cigarette waste.
(2) Recyclable or reusable waste is not true waste but more of a
resource that can be reused, such as cans, bottles, newspa-
pers, and clothes.
In addition, the poster contained pictures that showed food
waste collection and eco-bag systems in Da Nang city. The poster
contained concepts of 3Rs. At the end of the environmental
Table 3
Environmental issues in Vietnamese elementary textbooks.
Grade Book Lesson Contents
1 Natural and social study 17 Clean school and class
22e24 Plants
25e28 Animals
29 Recognize plants and animals
Ethics 14 Protect plants in public areas
2 Natural and social study 13 Protect environment around area where we live
18 Practice: Keep school and class clean
24e26 Where plants live
27e29 Where animals live
30 Recognize plants and animals
Ethics 14 Protect animals
3 Natural and social study 36e38 Protect environment
40e55 Natural environment
56e57 Internship: Visit natural environment
Ethics 13 Save and protect water
14 Protect plants and animals
4 Science 25 Water pollution
26 Causes of water pollution
27 Some ways to make water clean
28 Protection of water resources
29 Save water
38 Wind, Typhoon protection
39 Air pollution
40 Protection of air
Technology 12 Plant vegetables and ﬂowers
13 Take care of vegetables and ﬂowers
Ethics 14 Protect environment
5 Science 41 Sun power
42e42 Fuel power
44 Wind power and water power
45 Electrical power
48 Save energy
62 Environment
63 Natural resources
64 Importance of environment to human life
65 Impact of humans on forest
66 Impact of humans on soil
67 Impact of humans on air and water
68 Some measures to protect environment
Technology 10e15 Technical taking care of chickens
Ethics 14 Protection of natural resources
Fig. 2. Research structure.
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Fig. 3. Poster used for environmental education.
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picture of the poster. In addition, Table 4 shows a comparison be-
tween this study's environmental education and three other envi-
ronmental education activities done in solid waste management. In
elementary classes, students have 45 min per lesson, and for this
reason, we chose tomake the activities around 30min in each class.
As mentioned in the school selection section, it is difﬁcult to getTable 4
Summaries of environmental indoor education games.
Game Separation garbage game (this
study)
Shadow play and animation as metho
for ESD game
Grade 5th grade 5e9th grade
Time 30 min 3e4 h
Material Poster
Waste pictures (5 organic waste
pictures, 5 inorganic waste
pictures)
Baskets (White e organic
waste, green e inorganic
waste)
iPad or iPhone
Stop motion studio app
Cardboard, playdough etc. for makin
the characters
A camera stand and a mount for the
iPad makes things easier but is not
mandatory
Reference This study [31]permission to enter and conduct activities in elementary schools.
School principals allowed the study during one free lesson that
students have every week. In addition, the elementary schools do
not allow students to go outside of the school to attend environ-
mental education. Recently, the elementary classes have had
around 40 to 50 students, so it is quite difﬁcult for teachers to
accompany students outside.ds Trash art game Weigh your waste
2e3rd grade 4e6th grade
1 h 1 to 2 h, with periodic
discussions over the course of a
week
g
One copy of “Parents Note” for each
student
One tarp or drop cloth
10 to 12 magazines (with lots of
everyday product advertisements)
“Clean” garbage (brought in by
students)
Art supplies (enough for class):
- Three to four sheets of colored
construction paper per student
- Glue
- Tape
- Scissors
- Markers or crayons
- Glitter
One trash bag per student
One twist-tie garbage bag
fastener for each student
One 3- by 5-inch note card per
student
One plastic tarp
 One set of gloves per student
One scale
One copy of “My Trash Journal”
for each student
Clear tape
[32] [32]
Fig. 4. Timetable for environmental education.
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took 30 min in the classroom. Students were randomly separated
into two treatment groups: treatment group 2 participated in a
waste separation game, and treatment group 1 had no environ-
mental game playing. For treatment group 2, students played a 10-
min game at the beginning of the session. In treatment group 1,
students studied about planning typhoon disaster for the ﬁrst
10 min. In this activity, one class was divided into eight small
groups (ﬁve to six students per group). After the environmental
education class, the “activity evaluation sheet” was distributed to
students. It could help to evaluate the quality of the activity (see
Fig. 5). The “activity evaluation sheet” was given to students to
understand their feelings and ideas about environmental educa-
tion. The results from the “activity evaluation sheet” will provideFig. 5. Activity evainformation for improving environmental education that will be
applied in the near future. Two days later, students answered
questionnaire survey 3 by a self-administered method.
2.4. Survey 4 from May 18 to May 29, 2015
This survey aims to evaluate the long-term impacts of the
environmental education that was done in survey 3 (March 2 to
18, 2015). Survey 4 measured the knowledge level of the 5th grade
students in group 1 two months after the day when environ-
mental education was done. Survey 4 involved students from
school 3 and was done to evaluate the difference between
students who took the environmental education and those who
did not.luation sheet.
Fig. 6. Basic knowledge of the students about the environment (survey 1).
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3.1. Student knowledge and behavior for protecting the
environment
Table 5 summarizes the number of total students engaged in the
surveys. This study started in February 2014 when group 1 students
were 4th graders and continued for 1 year until the students
became 5th graders. The 247 group 1 students from Schools 1 and 2
engaged in all four surveys. As group 2 from School 3 was the
control, it was determined that 78 students would be a sufﬁcient
reference point.
Fig. 6 showed basic knowledge about the environment that we
summarized from survey 1. The questions asked for facts about
environmental problems and protection methods. For example, we
asked “What is an eco-bag?” and “What are the causes of air
pollution?” to obtain the ﬁrst two results in Fig. 6. We provided
multiple-choice answers in the questionnaire, and students were
asked to choose answers that they thought were correct. Fig. 6
shows the percentage of students who chose the right answers.
The students had knowledge in some areas, such as reasons for air
pollution (84%), reason for water pollution (71%), and effect of
forest degradation (81%). However, the students had limited
knowledge about the eco-bag (23%).
Fig. 7 shows student ideas about how they could protect the
environment with the results collected from survey 1. This ﬁgure
was created from student responses to the open question “Please
write three activities that you think can protect the environment.”
Most students thought that they could protect the environment if
they disposed of waste in a dustbin (28%) or planted and took care
of trees (40%). In addition, 70% of the students answered that “Not
dumping waste” could help protect the environment. Although
many students thought that disposing of waste in the right place
could help protect the environment, they did not show much care
about separating waste before disposal: Just 10% of the students
cared about separating waste before throwing it away.Fig. 7. Student ideas of how they can protect the environment (survey 1).3.2. The effect of environmental education by the authors
Fig. 8 shows the change in student knowledge during the one-
year survey. This study used same questions to evaluate students'
knowledge. Students answered questions about the eco-bag, plastic
bags, food waste collection systems, and food waste treatment
systems in survey 2 (May 2014), survey 3 (March 2015), and survey
4 (May 2015). Among the 247 students at the two elementary
schools in survey 2, only 29% of the students said that they knew
“what is an eco-bag,” and 55% of students knew that “plastic bags
are difﬁcult to decompose naturally.” The question of “food waste
collection systems” required the students to recognize a woman
doing a job as shown in the picture in Fig. 9. Among the students,
82% correctly identiﬁed her job. The result of “food waste treatment
systems” counted the number of answers that chose “Recycling for
raising pigs” in the following question.
Question: Which do you think best to treat food waste? You can
choose many answers.
, Recycling for producing fertilizer
, Recycling for raising pigsTable 5
Number of students participating in the survey.
Survey School 1 (Ong Ich Khiem)
1 189
2 180
3 168
4 165, Using for producing energy (gas, electricity)
, Dump in the landﬁll site
After environmental education as reﬂected in survey 3 (March
2015), students' knowledge increased, such as eco-bags (87%),
plastic bags (71%), food waste collection systems (93%), and food
waste treatment systems (96%). In survey 4, students' knowledge
levels slightly decreased after two months of environmental edu-
cation, but the knowledge levels remained higher than the ones
recorded before the education. Table 6 shows t-test results betweenSchool 2 (Dung Si Thanh Khe) School 3 (Le Dinh Ly)
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Fig. 8. Changes in student knowledge during one year of the survey.
Table 6
T-test result of Fig. 8
Knowledge Comparison T-test
Eco-bag Surveys 2 and 3 t(246) ¼ 17.564, P ¼ 0.000
Surveys 4 and 3 t(246) ¼ 3.569, P ¼ 0.000
Plastic bag Surveys 2 and 3 t(246) ¼ 3.934, P ¼ 0.000
Surveys 4 and 3 t(246) ¼ 0.350, P ¼ 0.726
Food waste collection system Surveys 2 and 3 t(246) ¼ 4.435, P ¼ 0.000
Surveys 4 and 3 t(246) ¼ 4.128, P ¼ 0.000
Food waste treatment system Surveys 2 and 3 t(246) ¼ 2.100, P ¼ 0.037
Surveys 4 and 3 t(246) ¼ 2.137, P ¼ 0.034
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Fig. 10. Student knowledge in different schools (survey 3).
T.T. Phan Hoang, T. Kato / Sustainable Environment Research 26 (2016) 274e286 283survey 2, survey 3, and survey 4. A paired t-test was conducted to
compare (the student knowledge) about eco-bag and plastic bag in
(survey 2) before environmental education and (survey 3) after
environmental education for the same students in schools 1 and 2.
There was a signiﬁcant difference in the scores for the plastic bag
between survey 2 and survey 3; t(246) ¼ 3.934, p ¼ 0.000. There
was not a signiﬁcant difference in the scores for plastic bag be-
tween survey 3 and survey 4; t(246) ¼ 0.350, p ¼ 0.726.
The study found a signiﬁcant difference between school 1,
located in the center of Da Nang city, and school 2, located in a
distance from the center, about knowledge of food waste collection
and treatment systems as shown in Fig. 10. After environmental
education at survey 3, 92% of the students from school 1 and 99% of
the students from school 2 correctly identiﬁed the role of food
waste collector shown in Fig. 9. We interpreted this result that
because school 2 was located near a rural area the students were
often exposed to a food waste collection system. On the other hand,
school 1 is located in the center of the city where food waste
collection is not practiced frequently; therefore, the students would
not have much exposure to such a system. The study used chi-
square test to check for signiﬁcant differences between the two
treatment groups and genders in survey 3. The study did not ﬁnd
any signiﬁcant difference between the game and without game
groups or between genders in survey 3 about eco-bags, plastic bags,
food waste collection systems, or food waste treatment systems.
Fig. 11 shows the students' knowledge about solid waste
management after environmental education in school. We used
the results from three questions about organic waste, inorganic
waste, and recyclable or reusable waste. This is the content inFig. 9. Question about food wenvironmental education in survey 3 (March 2015). Checked op-
tions are those assumed by the authors to be the correct answers.
The ﬁgure shows the proportion of correct answers obtained from
the students.
1. Which is the best answer to describe organic waste?
⊠ Flower, fruit, tea waste, food waste, leaves, vegetables, and
coffee waste
, Fruit, tea waste, food waste, leaves, vegetables, and coffee
waste
, Flowers, fruit, leaves, vegetables, and coffee waste
, I do not know.
2. Which is the best answer to describe inorganic waste?
⊠ Plastic bags, bones, waste from toys, tissue paper, old clothes,
tree brands, seashells, coal, and glassaste collection systems.
Fig. 11. Student knowledge about solid waste management after environmental
education.
Fig. 12. Student knowledge in school 1 (survey 3).
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coal, and glass
, Plastic bags, bones, waste from toys, tree brand, seashells,
coal, and glass
, I do not know.
3. Which is the best answer to describe recyclable or reusable
waste?
⊠ Cans, bottles, recycle bags, and newspapers
, Cans, bottles, and newspapers
, Cans, recycle bags, and newspapers
, I do not know.
These waste categories referred to the ones used in the 3Rs
project in Ha Noi city [30]. Since this research considered recycling
of food waste for feeding local pigs, the category of organic waste in
this study excluded some items from Ha Noi's, such as eggshells,
and animal carcasses.
Many students correctly answered the questions after our
environmental education: organic waste, 90%; inorganic waste,
86%; and recyclable or reusable waste, 83%. Two months later, the
proportion of correct answers declined and became 82% for organic
waste, 70% for inorganic waste, and 70% for recyclable or reusable
waste. The study found that the student knowledge about solid
waste management decreased 2 months after the environmental
education. This is a natural consequence of one time education
because repeated retrieval of learned information is the key to
long-term retention of that information [33].
The correct answer was always the ﬁrst alternative among these
questions. The literature on questionnaire surveys has investigated
the effects of the order of placing alternatives, but there is no clear
agreement among researchers on such effects. For example, Foddy
expects the ﬁrst alternative should be chosenmore than others (the
primacy effect) in surveys using a written questionnaire [34].
However, other studies predict no signiﬁcant response-order ef-
fects when a written questionnaire is used, since respondents can
easily reevaluate the alternatives ([35], among others). Our study
could not determine the impact of the response order effect to the
answers by our subjects. Elimination of possible biases due to our
questionnaire design is a topic for our future research.
Fig. 12 shows the difference in students' knowledge about solid
waste management among classes after environmental education
in school 1. The chi-square test found signiﬁcant statistical differ-
ences between the four classes in school 1. The study found two
possible reasons for this difference. The ﬁrst one is that in classes
5.1 and 5.3 of school 1, a foreign researcher was present in the class.
His presence could have a positive impact on students when theyattended environmental education activities. The other reason may
be due to the order effect of education that class 5.4 in school 1 was
the ﬁrst class where environmental education was introduced. The
student in classes 5.1, 5.2 and 5.3 could obtain information from
their friends in class 5.4 that had already ﬁnished our environ-
mental education. Therefore, they might have prior knowledge of
contents of the environmental education. There was no difference
among the four classes in school 2. We think this is because many
students knew about the food waste collection systems. They were,
thus, interested in the environmental education and free from the
order effect shown in school 1.
Figs. 13 and 14 show the results from our activity evaluation
sheet for students who attended the environmental education.
Based on the results of this checklist we understand the student
behavior when they participate in the environmental education. In
the activity evaluation sheet, the study seeks to assess the students'
intention to attend the environmental education with a friend and
family. This is because our future activity may involve parents in
student activities. Fig. 13 shows responses of students in the two
environmental education treatment groups. The chi-square test did
not ﬁnd signiﬁcant statistical differences between treatment group
1 (with a game) and treatment group 2 (without a game). Thus, the
results were pooled together between the two groups. Of all the
students, 89% said that they wanted to attend the activities again,
67% wanted to attend the activities with their friends, and 85%
wanted to attend the activities with their family.
The study found a signiﬁcant difference between the students in
the two schools when they participated in environmental educa-
tion as shown in Fig. 14. The students from school 2 seem more
interested in activities than the students from school 1. Students in
school 2 had more opportunities to observe aspects of the food
Fig. 14. Activity evaluation by students from school 1 and school 2 (survey 3).
Fig. 15. Comparison about student knowledge between the groups (survey 4).
Fig. 13. Activity evaluation by students (survey 3).
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ronmental education. It is expected that the society, family, and
school would impact students' knowledge and behavior. In this
case, practices observed in society have a positive impact on stu-
dents who participate in environmental education.
Fig. 15 compared knowledge levels about solid waste manage-
ment between the students who joined our environmental edu-
cation (schools 1 and 2) and those who did not (school 3). Our
environmental education successfully increased student
knowledge.
4. Conclusions
This study has discussed the present situation of students'
environmental knowledge and a detailed description of environ-
mental education for elementary students in Da Nang city, Viet-
nam, with special emphasis on solid waste management. Our
results show that elementary students in Vietnam have basic
knowledge about water pollution, air pollution, typhoon protec-
tion, natural energy, saving of energy, natural resources, soil
pollution, and saving and protecting water (the study selected
keywords from elementary textbooks). Of the students, 84% knewreasons causing air pollution, 71% knew reasons for water pollu-
tion, and 81% of the students could answer the question of what
will happen if we cut down the forest. However, their knowledge
about solid waste management was limited. For example, only 23%
of students knew about the eco-bag.
From the results, environmental education increased environ-
mental knowledge in elementary schools. It was found that after
environmental education the students were adept with the con-
cepts of organic waste, inorganic waste, and recyclable and reusable
waste. The students' interest in the environmental education in
school was that 96% liked the educational activities, and 89%
wanted to attend the activities again. In order to reduce pollution
from solid waste, this study's environmental educationwith regard
to waste separation, eco-bags, and food waste collection systems
will help create a more comprehensive curriculum.
The study reveals certain strategic constraints of the environ-
mental education done by the authors. This environmental edu-
cation was done just once, and the grades obtained were not
counted in the students' scores. For this reason, the activities might
not be taken as seriously and may not actually change students'
behavior. Since Da Nang city does not have an ofﬁcial source sep-
aration policy of MSW, it is not possible to observe behavioral
change in the students.
We believe that environmental education at elementary schools
is an effective approach to raising awareness of sustainability issues
among people in Southeast Asian countries. This is because the
number of out-of-school children of secondary- and higher-
education age increases relative to those in primary education. In
Vietnam, between 2012 and 2013, 98.3% of the children went to
elementary schools. Among them, 92.3% entered middle schools
[36]. In Thailand, Indonesia, and Cambodia, 96, 94, and 86% of
children went to elementary schools, respectively [37]. The rates of
continuation to secondary schools among these countries were 95,
96, and 80%, respectively [37]. Therefore, by focusing on environ-
mental education in elementary schools, we can reach most of the
children.
For future research, efﬁcient methods for increasing student
knowledge about the environment, in particular about solid waste
management, will be investigated. According to the results from
this research, we plan to organize environmental education in 3-
months for 5th grade elementary students. The environmental
education may consist of in- and out-of-class activities regarding
solid waste education. We will try to make the environmental ed-
ucation become the extracurricular activities for elementary stu-
dents in school. We expect a change in students' behavior to impact
the students' parents.
T.T. Phan Hoang, T. Kato / Sustainable Environment Research 26 (2016) 274e286286Acknowledgement
This work was supported by KAKENHI Grant Number 25303006
from the Japan Society for the Promotion of Science.
References
[1] Hoornweg D, Bhada-Tata P. What a Waste: A global Review of Solid Waste
Management. Washington, DC: World Bank; 2012.
[2] UNDPAD. Country classiﬁcation, World Economic Situation and Prospects
2014. New York: United Nations Development Policy and Analysis Division;
2014.
[3] Wang GQ, Qin L, Li GX, Chen LJ. Landﬁll site selection using spatial information
technologies and AHP: a case study in Beijing, China. J Environ Manage
2009;90:2414e21.
[4] Hagerty DJ, Pavoni JL, Heer JE. Solid Waste Management. New York: Litton;
1997.
[5] CIA. 2015 Annual Report on People and Society of East & Southeast Asia, the
World Factbook. Washington, DC: Central Intelligence Agency; 2016.
[6] CIA. 2014 Annual Report on People and Society of Vietnam, the World
Factbook. Washington, DC: Central Intelligence Agency; 2015.
[7] APO. Solid Waste Management, Issues and Challenges in Asia. Tokyo, Japan:
Asian Productivity Organization; 2007.
[8] MONRE. Bao Cao Mo^i Trường Quốc Gia; Cha^ất Thải Raắn (Vietnam Environment
Report 2011: Solid Waste Management). Ha Noi, Vietnam: Ministry of Natural
Resource and Environment; 2011 (in Vietnamese).
[9] Thanh NP, Matsui Y. Municipal solid waste management in Vietnam: status
and the strategic actions. Int J Env Res 2011;5:285e96.
[10] Le HV, Nguyen VCN, Nguyen XH, Do NQ, Warinthrn S, Catalin S, et al. Legal
and institutional framework for solid waste management in Vietnam. Asian J
Energ Environ 2009;10:261e72.
[11] APEC. Policy Review for Low-carbon Town Development Project in Da Nang,
Vietnam. Singapore: Asia-Paciﬁc Economic Cooperation; 2014.
[12] Nguyen DA. Current Situation and Orientation of Solid Waste Management in
Da Nang City. Da Nang, Vietnam: Department of Natural Resources and
Environment; 2013.
[13] Kato T, Dung TXP, Hoang H, Xue YH, Tran QV. Food residue recycling by swine
breeders in a developing economy: a case study in Da Nang, Viet Nam. Waste
Manage 2012;32:2431e8.
[14] Kato T, Tran AQ, Hoang H. Factors affecting voluntary participation in food
residue recycling: a case study in Da Nang, Viet Nam. Sustain Environ Res
2015;25:93e101.
[15] Kato T, Tran AQ, Hoang H. Waste generation in traditional organized bazaars:
a case study of organic waste sources in Da Nang City, Viet Nam. J Mater
Cycles Waste 2016;18:1e11.
[16] Kawata A. Japan International Cooperation Agency for SWM and 3R in Asia. In:
Regional Workshop on WEEE/E-waste Management; 2010 July 6e9; Osaka,
Japan.
[17] USAID. Medan, Bandung, Subang and Surabaya, Comparative Assessment -
Community Based Solid Waste Management. Jakarta, Indonesia: United States
Agency for International Development; 2006.[18] Chanathip P. How to promote sustainable solid waste management in com-
munity experiences in Thailand. In: 7th UN-CECAR Inter Conference; 2013 Jun
16; Beijing, China.
[19] IGES. Report of the First Phase Strategic Research. Kanagawa, Japan: Institute
for Global Environmental Strategies; 2001.
[20] Desa A, Kadir NBA, Yusooff F. Environmental awareness and education: a key
approach to solid waste management (SWM) e a case study of a university in
Malaysia. In: Rebellon LFM, editor. Waste Management: An Integrated Vision.
Rijeka, Croatia. Intech Publishing; 2012.
[21] ADB. Asia development outlook 2015. Manila, Philippines: Asia Development
Bank; 2015.
[22] Jones GW. The Population of Southeast Asia. Singapore: Asia Research Insti-
tute; 2013.
[23] Sasaki S. Better practice of waste management in Thailand. In: APFED 3R
Expert Meeting; 2006 Mar 5; Tokyo, Japan.
[24] HRSDC. 2011 Early Childhood Education and Care in Canada. Quebec, Canada:
Human Resources and Skills Development Canada; 2011.
[25] UOG. The Gothenburg Recommendations on Education for Sustainable
Development. Gothenburg, Sweden: University of Gothenburg; 2008.
[26] LEAF. 2004 Activity Report. Nishinomiya, Japan: Learning and Ecological Ac-
tivities Foundation for Children; 2004.
[27] Taniguchi T, Yoshida M. Public involvement and mobilization for promoting
3R initiative in Hanoi City: lessons from 3R initiative project in Hanoi City
2006-2009. In: 8th Expert Meeting on SWAPI; 2011 Feb 21e23; Tokyo,
Japan.
[28] Lutz S, Huitt W. Connecting cognitive development and constructivism: im-
plications from theory for instruction and assessment. J Constr Hum Sci
2004;9:67e90.
[29] Meece JL. Child and Adolescent Development for Educators. 2nd ed. New
York: McGraw Hill; 2002.
[30] UNDP. Sổ Tay Hướng Dẫn Thu Gom Va Xử Lý Rac Hộ Gia Ðình (Guider Book
for Collection and Treatment of Household Waste). Ha Noi, Vietnam: United
Nations Development Programme; 2013 (in Vietnamese).
[31] Manner H, Sunikka J, Myllyniemi M, Rintala E. Shadow play and animation as
methods for ESD game. In: 8th World Environmental Education Congress;
2015 Jun 29eJul 2; Gothenburg, Sweden.
[32] EPA. The Quest for Less: Activities and Resources for Teaching K-8. 2nd ed.
Washington, DC: Environmental Protection Agency; 2005.
[33] Karpicke JD, Roediger HL. Repeated retrieval during learning is the key to
long-term retention. J Mem Lang 2007;57:151e62.
[34] Foddy W. Constructing Questions for Interviews and Questionnaires: Theory
and Practice in Social Research. 19th ed. Cambridge, UK: Cambridge Univer-
sity Press; 1993.
[35] Mangione TW. Mail surveys: improving the quality. Public Opin Quart
1997;61:394e7.
[36] Thomas M, Burnett N. The economic cost of out-of-school children in
Southeast Asia. Bangkok, Thailand: UNESCO; 2015.
[37] MOET. Bao Cao Quốc Gia - Giao Dục Cho Mọi Người 2015 Của Vietnam (Na-
tional Report: 2015 Vietnam Education). Ha Noi, Vietnam: Ministry of Edu-
cation & Training; 2015 (in Vietnamese).
